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1. Introduction
Maji and Biswas [1] showed that the distributive law of soft sets is varied. But, Ali et al. [2] pointed out that it is not
true in general. In this short article, we first provide a new concept which is a generalization of soft subset and soft equal.
Using such notions, we consider the distributive law of soft sets. In the last year, Yang (the second author of this paper)
et al. [3] established the distributive law of interval-valued fuzzy soft sets. The second aim of this paper is to point out it is
not true, and then we consider more general notions than interval-valued fuzzy soft sets. Using the notions, we establish
the distributive law, the so-called generalized distributive law, of interval-valued fuzzy soft sets.
For the general terminologies in this paper, please refer to the papers [3,1,2].
2. Main results
Definition 2.1. For any subsets A and B of E, let (F , A) and (G, B) be soft sets over a common universe U . We say that (F , A)
is a generalized soft subset of (G, B), denoted by (F , A) ≺ (G, B), if for every α ∈ A there exists β ∈ B such that F(α) ⊂ G(β).
Example 2.2. Suppose that there are six houses in the universe U given by U = {h1, h2, h3, h4, h5, h6} and E = {e1, e2, e3,
e4, e5}, where
e1 stands for the parameter ‘expensive’,
e2 stands for the parameter ‘beautiful’,
e3 stands for the parameter ‘wooden’,
e4 stands for the parameter ‘cheap’,
e5 stands for the parameter ‘in the green surroundings’.
For subsets A = {e1, e3, e4, e5} and B = {e2, e3, e4} of E, let (F , A) and (G, B) be soft sets over a common universe U
such that F(e1) = {h1, h3} , F(e3) = {h1, h2, h4} = G(e3), F(e4) = {h2, h3, h5} = G(e4), F(e5) = {h2, h4}, and G(e2) =
{h1, h2, h3, h4} . Then (F , A) is a generalized soft subset of (G, B).
Definition 2.3. For any subsets A and B of E, let (F , A) and (G, B) be soft sets over a common universe U . We say that (F , A)
and (G, B) are generalized soft equal, denoted by (F , A) .= (G, B), if (F , A) is a generalized soft subset of (G, B) and (G, B) is a
generalized soft subset of (F , A).
Example 2.4. Consider U and E in Example 2.2. For subsets A = {e1, e3, e5} and B = {e1, e2, e4, e5} of E, let (F , A) and
(G, B) be soft sets over a common universe U such that F(e1) = {h2, h4} , F(e3) = {h3, h4, h5} , F(e5) = {h1} , and
G(e1) = {h2, h4} = G(e4), G(e2) = {h3, h4, h5} , G(e5) = {h1} . Then (F , A) .= (G, B), i.e., (F , A) and (G, B) are generalized
soft equal, but it is clear that they are not soft equal.
Obviously, the soft equality is a generalized soft equality, but the converse may not be true as seen in Example 2.4.
Theorem 2.5 (Generalized Distributive Law). For any subsets A, B and C of E, let (F , A), (G, B) and (H, C) be soft sets over a
common universe U. Then
(1) (F , A) ∧ ((G, B) ∨ (H, C)) .= ((F , A) ∧ (G, B)) ∨ ((F , A) ∧ (H, C)) .
(2) (F , A) ∨ ((G, B) ∧ (H, C)) .= ((F , A) ∨ (G, B)) ∧ ((F , A) ∨ (H, C)) .
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Proof. For any α ∈ A, β ∈ B and γ ∈ C , we have
F(α) ∩ (G(β) ∪ H(γ )) = (F(α) ∩ G(β)) ∪ (F(α) ∩ H(γ )) .
Hence the conclusion (1) is valid. Similarly, we have the second result. 
Definition 2.6 ([3]). LetU be an initial universe and E be a set of parameters. For subsets A and B of E, let (F˜ , A) and (G˜ , B) be
interval-valued fuzzy soft sets.We say that (F˜ , A) is an interval-valued fuzzy soft subset of (G˜ , B), denoted by (F˜ , A)⊂ (G˜ , B),
if
(a) A ⊂ B.
(b) F˜ (α) is an interval-valued fuzzy subset of G˜ (α) for all α ∈ A.
If (F˜ , A)⊂ (G˜ , B) and (G˜ , B)⊂ (F˜ , A),we say that (F˜ , A) and (G˜ , B) are equal and is denoted by (F˜ , A) = (G˜ , B).
In the equality of two interval-valued fuzzy soft sets (F˜ , A) and (G˜ , B), we should first guarantee the equality of A and
B. Because of this condition, the distributive law of fuzzy soft sets is not true as seen in the paper [2]. By the same reason,
we know that the distributive law of interval-valued fuzzy soft sets, which is mentioned in the paper [3, Theorem 2], is also
not true.
In order to overcome such ambiguity in the distributive law of interval-valued fuzzy soft sets, we give a generalized
equality of two interval-valued fuzzy soft sets.
Definition 2.7. Let U be an initial universe and E be a set of parameters. For subsets A and B of E, let (F˜ , A) and (G˜ , B)
be interval-valued fuzzy soft sets. We say that (F˜ , A) is a generalized interval-valued fuzzy soft subset of (G˜ , B), denoted by
(F˜ , A)⊂g(G˜ , B), if for every α ∈ A there exists β ∈ B such that F˜ (α) is an interval-valued fuzzy subset of G˜ (β).
Example 2.8. Let U = {h1, h2, h3, h4, h5, h6} and E = {e1, e2, e3, e4, e5} be as in Example 2.2. With A = {e1, e2, e4} and
B = {e2, e3} , let (F˜ , A) and (G˜ , B) be interval-valued fuzzy soft sets defined by
F˜ (e1) = {⟨h1, [0.7, 0.9]⟩, ⟨h2, [0.6, 0.8]⟩, ⟨h3, [0.5, 0.6]⟩, ⟨h4, [0.6, 0.8]⟩, ⟨h5, [0.5, 0.8]⟩, ⟨h6, [0.8, 0.95]⟩},
F˜ (e2) = {⟨h1, [0.6, 0.7]⟩, ⟨h2, [0.8, 1.0]⟩, ⟨h3, [0.2, 0.4]⟩, ⟨h4, [0.0, 0.1]⟩, ⟨h5, [0.1, 0.3]⟩, ⟨h6, [0.7, 0.8]⟩},
F˜ (e4) = {⟨h1, [0.5, 0.8]⟩, ⟨h2, [0.4, 0.7]⟩, ⟨h3, [0.3, 0.5]⟩, ⟨h4, [0.5, 0.7]⟩, ⟨h5, [0.4, 0.6]⟩, ⟨h6, [0.7, 0.9]⟩},
G˜ (e2) = {⟨h1, [0.7, 0.9]⟩, ⟨h2, [0.8, 1.0]⟩, ⟨h3, [0.4, 0.6]⟩, ⟨h4, [0.5, 0.8]⟩, ⟨h5, [0.5, 0.7]⟩, ⟨h6, [0.7, 0.9]⟩},
G˜ (e3) = {⟨h1, [0.8, 0.95]⟩, ⟨h2, [0.7, 0.85]⟩, ⟨h3, [0.6, 0.65]⟩, ⟨h4, [0.7, 0.9]⟩, ⟨h5, [0.5, 0.85]⟩, ⟨h6, [0.9, 1.0]⟩}.
Then (F˜ , A) is a generalized interval-valued fuzzy soft subset of (G˜ , B).
Definition 2.9. Let (F˜ , A) and (G˜ , B) be interval-valued fuzzy soft sets. We say that (F˜ , A) and (G˜ , B) are generalized
interval-valued fuzzy soft equal, denoted by (F˜ , A) .= (G˜ , B), if (F˜ , A) is a generalized interval-valued fuzzy soft subset
of (G˜ , B) and (G˜ , B) is a generalized interval-valued fuzzy soft subset of (F˜ , A).
Theorem 2.10 (Generalized Distributive Law). Let (F˜ , A), (G˜ , B) and (H˜ , C) be interval-valued fuzzy soft sets. Then
(1) (F˜ , A) ∧ (G˜ , B) ∨ (H˜ , C) .= (F˜ , A) ∧ (G˜ , B) ∨ (F˜ , A) ∧ (H˜ , C) .
(2) (F˜ , A) ∨ (G˜ , B) ∧ (H˜ , C) .= (F˜ , A) ∨ (G˜ , B) ∧ (F˜ , A) ∨ (H˜ , C) .
Proof. For any α ∈ A, β ∈ B and γ ∈ C , we have
F˜ (α) ∩ G˜ (β) ∪H(γ ) = F˜ (α) ∩ G˜ (β) ∪ F˜ (α) ∩H(γ ) .
Hence the conclusion (1) is valid. Similarly, we have the second result. 
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